1 Introduction {#S1}
==============

CdTe and CdZnTe detectors are nowadays a good choice for gamma ray detection due to their excellent energy resolution, easy segmentation into voxels and relatively good detection efficiency. When the ionizing radiation interacts with the bulk, a cloud of free charged particles is created, either with negative charge, the electrons, or with positive charge, the holes. Due to the bias voltage applied on the semiconductor electrodes, the charge carriers drift in opposite directions. Their velocity depends on the magnitude of the bias voltage and the structure of the crystal lattice of the material. The mobility (*μ*) is the velocity normalized to the bias voltage applied on the semiconductor. The large difference between the hole and the electron mobilities (*μ*~*h*~ and *μ*~*e*~, respectively) for CdTe and CdZnTe increases the time walk and hence the timing resolution. This timing limitation is one of the main drawbacks of using CdZnTe in fast triggering schemes such as Time Of Flight (TOF).

The charge carriers can be trapped in the lattice due to impurities or recombinations, resulting in a total charge loss. The lifetime (*τ*) is the average time for a charge carrier to get trapped in the material. The higher the level of impurities in the material, the shorter *τ* becomes and more trapping effect is observed. The product of *μ* and *τ* is called the trapping length, *l* = *μτ*, and is an estimation of how long the charge carrier can move among the material without being trapped.

The amount of charge loss can be evaluated if the values of *μ* and *τ* for both charge carriers and the depth of interaction point are known using the Hecht relation \[[@R1], [@R2]\]. The charge induced on the electrodes can be obtained with the Schockley-Ramo theorem \[[@R3], [@R4]\], in particular, with the solution for a rectangular detector. The drift can be discretized and the charge loss and the induced charge can be updated for each point to obtain a charge vs time curve on the electrodes for a non perfectly coplanar detector.

The knowledge of these parameters allows one to predict with precision the shape of the charge induced on the electrodes and optimize the signal processing electronics coupled to the semiconductor. Additionally, they can be used to reconstruct the charge loss on each event or the delay on the trigger time and improve the energy and time detection resolution. In the VIP Project \[[@R5], [@R6]\] we are interested in the fine tuning of the signal processing electronics and the correction to improve the energy and time resolution. For this purpose, we have measured *μ* and *τ* for both charge carriers. The drift time has been measured to evaluate the *μ*, whereas, a fit of the outcoming signal has been used to evaluate the *τ*. The work concludes with a comparison of previously presented results.

2 Experimental method {#S2}
=====================

A CdTe diode manufactured by ACRORAD has been used. It is a Schottky diode with the cathode of Pt, the anode of Au/Ti/Al and with dimensions 10 mm × 10 mm × 2 mm. It has been placed in a vertical position, on one of its lateral sides, in order to be bombarded with alpha particles, on either side of the anode or the cathode. The radiactive source used has been ^241^Am, which emits alpha particles with an energy of 5.5 MeV. A two stage filter RC has been placed between the high voltage power supply and the diode as depicted in [figure 1](#F1){ref-type="fig"}.

Charge integration has been used for the detector readout. A charge sensitive amplifier (preamplifier) A250 from AMPTEK has been coupled to the detector output. The preamplifier output has been recorded with an oscilloscope TDS3024B from Tektronix. A Labview executable has been used to acquire the full charge vs time curve for each event. The diode has been biased with a Keithley 2410 power supply. In order to avoid the polarization effect of the bias voltage in the diode, it has been ramped down every 100 s and kept at 0 V for 30 s and then ramped up again to −500 V.

3 Data analysis {#S3}
===============

3.1 Mobility {#S4}
------------

The mobility of a charge carrier can be evaluated when the detector thickness (D), the bias voltage applied (V) and its drift time along the diode (Δ t) are fixed using [equation (3.1)](#FD1){ref-type="disp-formula"}. Given that D and V are known, a measurement of Δ t is enough to obtain a value for *μ*. $$\mu = \frac{D^{2}}{V\Delta t}$$ An example of the drift time evaluation of event is shown in [figure 2](#F2){ref-type="fig"}.

3.2 Lifetime {#S5}
------------

The charge induction curve for each event has been fit to obtain an average value of *τ*. The function used for the fit is a combination of the Hecht [equation (3.2)](#FD2){ref-type="disp-formula"}, in order to include the charge trapping effect, and the solution for the weighting potential for a rectangular geometry using the method of images \[[@R2]\] to predict the charge induced in the electrodes by the charge carriers as a function of time. $$\frac{Q \ast}{Q} = \frac{\nu_{h}\tau_{h}^{\ast}}{D}\left( {1 - exp\left( \frac{- x_{i}}{\nu_{h}\tau_{h}^{\ast}} \right)} \right) + \frac{\nu_{e}\tau_{e}^{\ast}}{D}\left( {1 - exp\left( \frac{x_{i} - D}{\nu_{e}\tau_{e}^{\ast}} \right)} \right)$$ The result is a function of the time (*t*), the depth of interaction point (*x*~0~) and *μ* and *τ* for each charge carrier, *f*(*t*, *x*~0~,*μ~e~*,*τ~e~*,*μ~h~*,*τ~h~*). For events with full contribution of electrons or holes *x*~0~ is 0 or D respectively and the dependency of the function becomes *f*(*t*, *μ*~*e\\h*~,*τ*~*e\\h*~). The value of *μ*~*e\\h*~ has been previously determined with the aforementioned method so it becomes a function with one variable, *t*, and one parameter, *τ*~*e\\h*~. The example of an event with the result fit function is shown in [figure 3](#F3){ref-type="fig"}. The result of the fits for all the events will give a distribution of this parameter for each charge carrier.

4 Results {#S6}
=========

The distribution of the drift time for electrons and holes are shown in [figures 4](#F4){ref-type="fig"} and [5](#F5){ref-type="fig"} respectively. The expression ([3.1](#FD1){ref-type="disp-formula"}) has been used to obtain the mobilities with the average drift times measured and D=0.002 m and V=500 V. The values obtained are *μ*~*e*~=(1090±40) cm^2^/(V·s) and *μ*~*h*~=(110±10) cm^2^/(V·s).

The distributions of *τ* for electron and holes are shown in [figures 6](#F6){ref-type="fig"} and [7](#F7){ref-type="fig"} respectively. One can see that the distribution for electrons is wider than that of the holes. This is created by the fact that the electrons are less affected by the charge trapping and the outcoming value from the fit is less precise. With these values one can easily compute the approximate values of the mobility-lifetime products *μτ*~*e*~ \~ 2.7·10^−3^m^2^/(V·s) and *μτ*~*h*~ \~ 1.8·10^−4^m^2^/(V·s).

In [table 1](#T1){ref-type="table"} the measurements of *μ* and *μτ* are summarized next to some previously published results.

5 Conclusion {#S7}
============

A setup to measure the mobility and lifetime of electrons and holes has been built. It consists of a CdTe diode coupled to a preamplifier. Both electrodes have been exposed to a ^241^Am source to detect alpha particles and the outcoming signals have been recorded with an oscilloscope. The measured drift time and mobility values of *μ*~*e*~ =(1090±40) cm^2^/(V·s) and *μ*~*h*~=(110±10) cm^2^/(V·s) have been obtained.

The same curves have been fit to obtain the *τ* values. For holes, *τ*~*h*~ \~ 1.6 whereas for electrons *τ*~*e*~\~2.7. The *μτ* products are approximately *μτ~e~*\~2.9·10^−3^m^2^/(V·s) and *μτ*~*h*~\~1.8·10^−4^m^2^/(V·s) which are similar to those measured for CdTe diodes in \[[@R9], [@R10]\].

The values obtained in this work are those expected for CdTe as one can compare with other publication with the values shown in [table 1](#T1){ref-type="table"}. Further analysis will be carried out in the VIP project based on this work
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![Schematic of the circuit with the RC filter, the CdTe diode and the preamplifier.](emss-61548-f0001){#F1}

![Example of the drift time measurement on one event.](emss-61548-f0002){#F2}

![Example of the fit function on the curve of one event.](emss-61548-f0003){#F3}

![Drift time distribution for electrons in a CdTe diode of 2 mm thickness operated at −500 V.](emss-61548-f0004){#F4}

![Drift time distribution for holes in a CdTe diode of 2 mm thickness operated at −500 V.](emss-61548-f0005){#F5}

![Lifetime distribution for electrons.](emss-61548-f0006){#F6}

![Lifetime distribution for holes.](emss-61548-f0007){#F7}

###### Values of *μ* and *μ*τ for electrons and holes shown in previous complications and those obtained in this work

  Reference      *μ~e~*\[cm^2^/(V·s)\]   *μ~h~* \[cm^2^/(V·s)\]   *μ~e~*τ*~e~* \[10^−3^ cm^2^/V\]   *μ~h~*τ*~h~* \[10^−4^ cm^2^/V\]
  -------------- ----------------------- ------------------------ --------------------------------- ---------------------------------
  \[[@R7]\]      1000-1100               100                      \-                                \-
  \[[@R8]\]      1040                    70                       \-                                \-
  \[[@R9]\]      \-                      \-                       2                                 0.8
  \[[@R10]\]     \-                      \-                       2.8                               0.9
  \[[@R11]\]     946±50                  79.5±9                   1-2                               1
  \[[@R12]\]     1100                    100                      3                                 2
  \[[@R13]\]     1050                    80                       \~1                               \~0.5-1
  Our Approach   1090                    110                      2.7                               1.8
